Background: Few studies have evaluated carotenoids and vitamins C and E in association with the risk of breast cancers defined by estrogen receptor (ER) and progesterone receptor (PR) status. Objective: We examined the associations between dietary and supplemental intakes of these nutrients and risk of breast cancers jointly defined by both ER and PR status among postmenopausal women. Design: Our investigation was conducted in the Women's Health Initiative Observational Study. After following 84 805 women for an average of 7.6 y, 2879 incident invasive breast cancer cases had been ascertained, of whom 2509 had receptor data. We used Cox proportional hazards models to assess the associations of interest. Results: Dietary ␣-carotene (highest versus lowest quintile: RR ҃ 0.83; 95% CL ҃ 0.70, 0.99; P for trend ҃ 0.019), ␤-carotene (highest versus lowest quintile: RR ҃ 0.78; 95% CL ҃ 0.66, 0.94; P for trend ҃ 0.021), and lycopene (highest versus lowest quintile: RR ҃ 0.85; 95% CL ҃ 0.73, 1.00; P for trend ҃ 0.064) were inversely associated with risk of ERѿPRѿbreast cancer, but not with other breast cancer groups jointly defined by ER and PR status. Total or supplemental ␤-carotene and dietary intakes of luteinѿzeaxanthin and ␤-cryptoxanthin were not associated with breast cancers defined by ER and PR status. Vitamin E (regardless of source) and dietary vitamin C were not associated with breast cancer. However, total and supplemental vitamin C intake had weak positive associations with breast cancer overall. Conclusion: Dietary intake of certain carotenoids might be differentially associated with risk of invasive breast cancers jointly defined by ER and PR status among postmenopausal women.
INTRODUCTION
Epidemiologic studies assessing the associations between antioxidants in fruit and vegetables and breast cancer risk have yielded inconsistent results (1) . The discrepancies may have resulted, to some extent, from the fact that breast cancers are heterogeneous, and from the fact that different breast cancers defined by certain characteristics (eg, menopausal status and hormone receptor status) may have different risk profiles. Therefore, studies in which breast cancer is analyzed as a single outcome might dilute or mask the associations for breast cancers defined by these characteristics, and studies conducted in different populations might yield different overall associations, depending on the composition of the breast cancer cases with respect to these characteristics (2) .
Estrogen receptor (ER) and progesterone receptor (PR) are the most widely studied markers in breast tissue (2) . Compared with ER-positive breast cancers, ER-negative breast cancers often have higher histologic grade, are less responsive to hormonal therapy, and are associated with worse survival (3) . Conditional on ER status, PR-negative breast cancers have more aggressive features, are less responsive to hormonal therapy, and have worse survival than PR-positive breast cancers (4 -6) . These data suggest that hormone receptor-defined breast cancers are clinically distinct diseases and that knowing the ER and PR status has important clinical relevance. However, whether hormone receptor-defined breast cancers are etiologically different is not well understood.
Carotenoids (eg, ␣-carotene, ␤-carotene, lutein, zeaxanthin, ␤-cryptoxanthin, and lycopene) and vitamins C and E are antioxidants that protect DNA from oxidative damage and thereby may protect against carcinogenesis (7) (8) (9) . In addition, they may protect against carcinogenesis via other mechanisms. For example, lycopene has been found to modulate immune function, and lutein has been found to selectively induce apoptosis of transformed cells (10, 11) . Furthermore, ␣-carotene, ␤-carotene, and ␤-cryptoxanthin can be converted to vitamin A in the human body (7) . Experimental studies have shown that vitamin A and its derivatives (retinoids) play important roles in regulating the growth, differentiation, and apoptosis of normal and malignant cells (12) . However, previous epidemiologic studies of these antioxidants in association with breast cancer risk have yielded inconsistent findings, and few studies have assessed the associations stratified by hormone receptor status (1) .
We conducted a cohort study among postmenopausal women enrolled in the Women's Health Initiative (WHI) Observational Study to investigate the associations between the abovementioned antioxidants and breast cancers jointly defined by both ER and PR status. (See Appendix A for the list of investigators.) ER and PR status were examined jointly given the strong correlation that exists between them.
SUBJECTS AND METHODS

Study population
The study design, study implementation, and characteristics of the study population were described in detail elsewhere (13) (14) (15) . In brief, the WHI Observational Study comprised a cohort of 93 676 postmenopausal women aged 50 -79 y at enrollment. Recruitment of subjects into the study took place between October 1993 and December 1998 at 40 clinical centers in the United States. Women were eligible for inclusion in the study if they planned to live in their clinical center area for ͧ3 y, had no medical conditions predictive of a survival time of 3 y, had no conditions or characteristics inconsistent with study participation and adherence, and were not participating in any randomized controlled clinical trials. For the present investigation, women who reported a history of breast cancer (n ҃ 5298) or had an estimated daily energy intake of 600 or 5000 kcal at baseline (n ҃ 3759) were excluded. After these exclusions, 84 805 women were left for the present analysis. The study was approved by appropriate institutional review boards for study of human subjects.
Case ascertainment
Breast cancer patients were identified primarily through annually mailed medical-history update questionnaires. The questionnaires asked the participants to report all cancer-related hospitalization, surgeries or procedures, diagnoses, and outpatient treatments. Each first self-report of breast cancer was verified by medical record, and pathology reports were reviewed by physician adjudicators at each local clinical center. All breast cancers were then adjudicated by blinded review at the WHI Clinical Coordinating Center using the National Cancer Institute's Surveillance, Epidemiology, and End Results coding system (16) . After an average follow-up of 7.6 y, 462 incident cases with breast cancer in situ and 2879 incident cases with invasive breast cancer had been identified among the 84 805 participants. Data on ER and PR status in the tumors were only available for cases with invasive breast cancer. Of the invasive breast cancers, 1760 were ER-positive and PR-positive (ERѿPRѿ), 362 were ERpositive and PR-negative (ERѿPRҀ), 37 were ER-negative and PR-positive (ER-PRѿ), 350 were ER-negative and PR-negative (ERҀPRҀ), and 370 were undefined.
Exposure assessment
On enrollment, all participants completed extensive questionnaire information on demographic characteristics, personal habits, reproductive history, exogenous hormone use, medical history, family history, and dietary and supplement intake. Dietary intake of carotenoids and vitamins C and E was derived from a semiquantitative food-frequency questionnaire (FFQ) completed at baseline, which sought frequency and serving size of 122 food items consumed over the past 3 mo. The daily nutrient intake from a given food was calculated by multiplying its portion size by the number of servings per day and its nutrient content. The daily nutrient intake for each study subject was then calculated by summing across all food items. The nutrient content values were derived from the University of Minnesota Nutrition Coding Center nutrient database (Nutrition Coordinating Center, Minneapolis, MN) (17) . In addition, intakes of multiple vitamins and single supplements were recorded at baseline, from which supplemental intakes of ␤-carotene and vitamins C and E were estimated.
Statistical analysis
We used Cox proportional hazards models (using time-onstudy as the time scale) to estimate hazard ratios (HRs) and 95% confidence limits (CLs) for the associations between carotenoids and vitamins C and E and risk of invasive breast cancer overall and after classification (jointly) by ER and PR status. Breast cancers that were ERҀPRѿ were not analyzed separately because of the small number of cases (n ҃ 37). Cases contributed person-time to the study from their date of enrollment until the date of diagnosis of the invasive breast cancer, and noncases (participants who were censored) contributed person-time from their date of enrollment until the end of follow-up, date of death, date of withdrawal from the study, or date of having bilateral prophylactic mastectomy, whichever came first.
The abovementioned antioxidants were analyzed as total intakes (from diet and supplements combined), and from diet and supplements separately, with adjustment for total energy intake using the residual method (18) . When assessing the association of invasive breast cancer risk with dietary intake of a specific antioxidant, its supplemental intake was controlled for in multivariate analysis. Likewise, when the association of invasive breast cancer risk with supplemental intake of a specific antioxidant was assessed, its dietary intake was controlled for. Similar estimates were yielded from models with or without mutual adjustment for dietary and supplemental intakes. Intake was categorized by quintiles to assess the associations of interest. Trend tests were performed by assigning an ordinal number to each category and modeling the resulting variable as a continuous variable. In multivariate analyses, we controlled for energy intake (continuous), age at baseline (continuous), ethnicity (nonHispanic white, black, Hispanic, other), educational level (below college, some college, postcollege), age at menarche (12, 12, 13, ͧ14), age at menopause (40, , alcohol drinking (never, former, current with 0 to 5, 5 to 10, 10 to 15, or ͧ15 g/d), dietary folate intake (quartiles), tobacco smoking (ever or never), hysterectomy (yes or no), bilateral oophorectomy (yes or no), history of benign breast disease (yes or no), and family history of breast cancer (yes or no). Because of their magnitude, missing values for age at menopause and age at first full-term pregnancy were analyzed as a separate category for each covariate.
To assess the differential associations of the abovementioned antioxidants with ERѿPRѿ, ERѿPRҀ, and ERҀPRҀ invasive breast cancers, polytomous logistic regression models were fitted, which allowed us to model the associations with different types of breast cancer simultaneously. Polytomous logistic regression models also allowed us to test the differences between regression coefficients directly, therefore testing the heterogeneity of the associations between the 3 breast cancer subtypes with respect to their associations with the nutrients of interest. Because polytomous logistic regression ignores person-years of follow-up, we also analyzed the data for each hormone receptordefined invasive breast cancer separately by using Cox proportional hazards models. The results yielded from the Cox proportional hazards models agreed closely with those obtained from the polytomous logistic regression models, and estimates for HRs and 95% CLs yielded from the Cox proportional hazards models are presented. All statistical analyses were performed in SAS 9.1 (SAS Institute, Cary, NC). P values are 2-sided.
RESULTS
After an average follow-up of 7.6 y, we had identified 2879 new cases with invasive breast cancer among 84 805 participants eligible for the present analysis. Of these invasive breast cancers, 1760 were ERѿPRѿ, 362 were ERѿPRҀ, 37 were ERҀPRѿ, 350 were ERҀPRҀ, and 370 were undefined. The characteristics of invasive breast cancer cases overall, invasive breast cancer cases with ERѿPRѿ, ERѿPRҀ, and ERҀPRҀ, and noncases are summarized in Table 1 . Overall, invasive breast cancer cases were more likely than noncases to be non-Hispanic white, to have postcollege education, to have early age at menarche, to be nulliparous, to have late age at first full-term pregnancy, to have used more postmenopausal hormones, to have no history of hysterectomy or bilateral oophorectomy, to have family history of breast cancer, to have had benign breast disease, and to have consumed more tobacco and alcohol. ERѿPRѿ invasive breast cancer cases generally shared similar characteristics to ERѿPRҀ cancers, whereas ERҀPRҀ invasive breast cancer cases showed some differences from these other 2 types. Specifically, compared with cases with ERѿPRѿ and ERѿPRҀ, cases with ERҀPRҀ had less education and were more likely to have ͧ5 children, to have used more oral contraceptives, to have had hysterectomy or bilateral oophorectomy, to be obese (BMI ͧ 30 kg/m 2 ), and to have no history of tobacco smoking or alcohol drinking.
Of the carotenoids investigated here, median dietary intake was highest for lycopene (median ҃ 6550, interquartile range ҃ 5595 g/d) and ␤-carotene (median ҃ 3425; interquartile range ҃ 3003 g/d), whereas the intakes of luteinѿzeaxanthin (median ҃ 1423; interquartile range ҃ 1078 g/d), ␣-carotene (median ҃ 829, interquartile range ҃ 854 g/d), and ␤-cryptoxanthin (median ҃ 112; interquartile range ҃ 101 g/d) were considerably lower. Approximately 47% of participants took supplemental ␤-carotene, at an average daily dose of 4500 g, whereas no supplemental ␣-carotene, luteinѿzeaxanthin, ␤-cryptoxanthin, and lycopene were consumed. In quintile analyses, we observed inverse associations with risk of breast cancer overall for dietary ␤-carotene (highest versus lowest quintile: RR ҃ 0.86; 95% CL ҃ 0.75, 0.99; P for trend ҃ 0.073) and ␣-carotene (highest versus lowest quintile: RR ҃ 0.89; 95% CL ҃ 0.78, 1.02; P for trend ҃ 0.037) ( Table 2) . We also observed inverse associations with risk of ERѿPRѿ invasive breast cancer for dietary ␤-carotene (highest versus lowest quintile: RR ҃ 0.78; 95% CL ҃ 0.66, 0.94; P for trend ҃ 0.021), ␣-carotene (highest versus lowest quintile: RR ҃ 0.83; 95% CL ҃ 0.70, 0.99; P for trend ҃ 0.019), and lycopene (highest versus lowest quintile: RR ҃ 0.85; 95% CL ҃ 0.73, 1.00; P for trend ҃ 0.064). In contrast, no association between carotenoids and risk of ERѿPRҀ and ERҀPRҀ invasive breast cancers was observed. Decile analyses yielded similar results to those described above, with the exception that they also revealed a suggestive inverse association between dietary luteinѿ zeaxanthin intake and risk of ERѿPRѿ invasive breast cancer (highest versus lowest decile: RR ҃ 0.80; 95% CL ҃ 0.63, 1.03; P for trend ҃ 0.069) (data not shown). Dietary ␣-carotene, ␤-carotene, luteinѿzeaxanthin, and lycopene were highly correlated with each other (Table 3) . When we included ␣-carotene, ␤-carotene, luteinѿzeaxanthin, and lycopene as covariates, along with risk factors controlled in previous models, their inverse associations with ERѿPRѿ breast cancer disappeared.
The study participants consumed a daily average of 106 mg vitamin C from diet, and Ȃ60% of them took supplemental vitamin C regularly at an average dose of 350 mg/d. Invasive breast cancer overall and its subtypes were not associated with dietary vitamin C intake ( Table 4) . Nevertheless, there was a positive association of total vitamin C intake with invasive breast cancer overall (highest versus lowest quintile: RR ҃ 1.18; 95% CL ҃ 1.04, 1.34; P for trend ҃ 0.0092) and a suggestive positive association of total vitamin C intake with ERѿPRѿ (highest versus lowest quintile: RR ҃ 1.19; 95% CL ҃ 1.01, 1.41; P for trend ҃ 0.087) and ERѿPRҀ (highest versus lowest quintile: RR ҃ 1.38; 95% CL ҃ 0.97, 1.97; P for trend ҃ 0.016) invasive breast cancers. Furthermore, supplemental vitamin C was positively associated with invasive breast cancer overall (highest versus lowest quintile: RR ҃ 1.16; 95% CL ҃ 1.04, 1.30; P for trend ҃ 0.029), and there was some suggestion also of an increase in risk of ERѿPRҀ invasive breast cancers (highest versus lowest quintile: RR ҃ 1.25; 95% CL ҃ 0.92, 1.69; P for trend ҃ 0.062).
On average, the study participants consumed 7 mg/d of dietary vitamin E, and Ȃ60% of them took supplemental vitamin E at an average dose of 230 mg/d. Overall, vitamin E intake, regardless of source, was not associated with altered risk of invasive breast cancer overall or defined by ER and PR status (Table 4) .
DISCUSSION
In this large cohort study, we observed inverse associations of dietary ␣-carotene, ␤-carotene, and lycopene with ERѿPRѿ breast cancers, but not with other breast cancers defined by both ER and PR status. We also observed weak positive associations of total and supplemental vitamin C with breast cancer overall. However, we observed no associations of dietary intakes of luteinѿzeaxanthin, ␤-cryptoxanthin, and vitamins C and E and supplemental intakes of ␤-carotene and vitamins C and E with breast cancers defined by ER and PR status.
The results of previous studies that assessed the associations between carotenoids and breast cancer risk have been conflicting. A meta-analysis (19) based on 7 case-control studies and 4 cohort studies published before 1997 concluded that dietary ␤-carotene was inversely associated with breast cancer risk (RR ҃ 0.82; 95% CL ҃ 0.76, 0.91). However, cohort studies (20 -23) have generally observed little association. Although limited by their inconsistent results, studies that assessed the association by menopausal status have provided some evidence of an inverse To date, only one study (1) has been published that evaluated the association between carotenoids and breast cancer risk by menopausal status and by both ER and PR status. This population-based case-control study observed no associations between dietary carotenoids and premenopausal breast cancer risk, but observed inverse associations for dietary ␣-carotene, ␤-carotene, lutein, and lycopene among postmenopausal women. Further analyses among postmenopausal women showed inverse associations between ␤-carotene and ERѿPRѿ and ERҀPRҀ breast cancers, between lutein and ERѿPRѿ breast cancer, and between lycopene and ERҀPRҀ breast cancer, although these analyses were limited by small number of cases. In addition, another study (36) found no association of dietary and plasma lycopene with breast cancer overall and with breast cancers positive for ERs and PRs. Our study results suggest inverse associations with dietary ␣-carotene, ␤-carotene, and lycopene only for ERѿPRѿ breast cancers among postmenopausal 3 Based on comparison of the 3 types of invasive breast cancers (ERѿPRѿ, ERѿPRҀ, and ERҀPRҀ) and were calculated in the polytomous logistic regression models.
4 Adjusted for energy intake, age at baseline, ethnicity, educational level, age at menarche, age at menopause, parity, age at first full-term pregnancy, oral contraceptive use, postmenopausal hormone use, BMI, physical activity, alcohol drinking, dietary folate intake, tobacco smoking, hysterectomy, bilateral oophorectomy, history of benign breast disease, and family history of breast cancer. 5 Further adjustment for supplemental ␤-carotene intake. 6 Further adjustment for dietary ␤-carotene intake.
women. However, because of correlations between these nutrients, we were not able to separate their independent associations. The biological mechanisms for the observed differential associations with breast cancers jointly defined by ER and PR status are not well understood, although some in vitro studies (51, 52) have shown that vitamin A-derived retinoids inhibit the proliferation of ER-positive breast cancer cells, but not ER-negative breast cancer cells. Given the fact that an inverse association with ERѿPRѿ breast caner was observed for dietary ␤-carotene but not for supplemental ␤-carotene, our study suggests that foods rich in ␤-carotene, rather than ␤-carotene itself, might account for these findings. A meta-analysis (19) of 9 studies published before 1998 concluded that vitamin C was inversely associated with breast cancer risk (RR ҃ 0.80; 95% CL ҃ 0.68, 0.95). The inverse association was mainly driven by case-control studies. Indeed, cohort studies included in this meta-analysis (23, 28, 30, 53, 54) and other published cohort studies (20, 22, 23, 28) have yielded uniformly null results. Among postmenopausal women, Gaudet et al (1) found an inverse association with dietary vitamin C intake for ERѿPRѿ breast cancer, but not for other breast cancer groups defined by both ER and PR status. Our study observed little association between dietary vitamin C intake and postmenopausal breast cancer overall or by combined ER/PR status. However, we observed weak positive associations of vitamin C intake from all sources combined and supplemental vitamin C with breast cancer overall. There was some evidence of a slightly increased risk in association with vitamin C intake from all sources combined for ERѿPRѿ and ERѿPRҀ breast cancers. Although vitamin C can increase oxidative damage under certain conditions, the overall evidence thus far supports no significant oxidative DNA damage with high consumption of supplemental vitamin C (8, 55) . Therefore, our results were possibly a chance finding. Nevertheless, the possible increase in breast cancer risk among women with a high intake of supplemental vitamin C warrants further investigation in large cohort studies.
An inverse association between vitamin E intake and breast cancer risk has been observed in some case-control studies (24, 25, 27, 29, 31, 32, 56) , but not all (33, 57, 58) . In contrast, cohort studies (20, 22, 23, 28, 30, 53, 54) have consistently observed no association. Moreover, studies that have investigated breast cancer risk in association with vitamin E detected in blood (29, 37, 39, 40, 42, 44, 45) or in breast adipose tissue (49) also observed no association. A large randomized controlled trial (59) showed that daily supplementation with natural-source vitamin E provided no benefit with regard to breast cancer incidence (RR ҃ 1.00; 95% CI ҃ 0.90, 1.12). The study by Gaudet et al (1) observed no association between dietary vitamin E and breast cancer overall, or stratified by menopausal status and hormone receptor status. In accordance with the study by Gaudet and colleagues, our study demonstrated no association between vitamin E intake and breast cancer overall or when defined by ER and PR status among postmenopausal women.
To our knowledge, this is the first cohort study to assess the association between carotenoids, vitamins C and E, and risk of postmenopausal breast cancer jointly defined by both ER and PR status. The strengths of our study include the prospective study design, the large sample size, essentially complete follow-up of the cohort, and comprehensive questionnaire data. We were able to collect detailed information on potential risk or protective factors for breast cancer. Estimates from adjusted analyses presented here were rather different from crude estimates (data not shown), which demonstrated the importance of controlling for potential confounders. The limitations of our study include the potential for error in measuring nutrient intake using FFQs (60) , missing data on ER or PR status for 13% of the invasive breast cancer cases, and the possibility of residual confounding. Although invasive breast cancer cases with or without data on ER or PR status shared similar distributions for most breast cancer risk factors, they differed with respect to ethnic composition, use of oral contraceptives and postmenopausal hormones, body size, and physical activity. Compared with invasive breast cancer cases with ER or PR data, those without receptor data had a lower proportion of whites, were less likely to have used oral contraceptives and postmenopausal hormones, had a higher BMI, and were less physically active. Potential selection bias incurred by missing data for some of the breast cancer cases cannot be excluded. Dietary carotenoids and vitamins C and E are highly correlated with each other because they share common rich sources, which have limited our ability to separate their independent effects. Indeed, when we mutually adjusted for ␣-carotene, ␤-carotene, luteinѿzeaxanthin, and lycopene in multivariate models, their inverse associations with ERѿPRѿ breast cancer disappeared. Furthermore, vegetables and fruit contain other biologically active compounds (eg, flavonoids), which might be correlated with the nutrients of interest, but were not controlled for in the study. Last, although a large cohort of women were followed in this study, analytic power might still be limited for breast cancer subtypes other than ERѿPRѿ.
In conclusion, in this large cohort of postmenopausal women, dietary intakes of ␣-carotene, ␤-carotene, and lycopene were inversely associated with invasive breast cancer positive for both 3 Based on comparison of the 3 types of invasive breast cancers (ERѿPRѿ, ERѿPRҀ, and ERҀPRҀ) and were calculated in the polytomous logistic regression models.
4 Adjusted for energy intake, age at baseline, ethnicity, educational level, age at menarche, age at menopause, parity, age at first full-term pregnancy, oral contraceptive use, postmenopausal hormone use, BMI, physical activity, alcohol drinking, dietary folate intake, tobacco smoking, hysterectomy, bilateral oophorectomy, history of benign breast disease, and family history of breast cancer. 5 Further adjustment for supplemental vitamin C intake. 6 Further adjustment for dietary vitamin C intake. 7 Further adjustment for supplemental vitamin E intake. 8 Further adjustment for dietary vitamin E intake.
ERs and PRs, but not with other invasive breast cancer groups jointly defined by ER and PR status. Further investigations are warranted to assess the differential associations of hormone receptor-defined breast cancers with dietary carotenoids and carotenoids measured in blood or in breast adipose tissue.
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